Three new pyrenocines, F (6), G (7), and H (8), along with the known pyrenocine A (1) were isolated from the ethyl acetate extract of an unidentified endophytic fungus. Metabolites 1 and 7 exhibited good antifungal and algicidal activities.
Despite their relatively simple structures, a number of naturally occurring α-pyrones show a remarkable degree of bioactivity. Notably, the C4-side chain α-pyrones, the pyrenocines, show high phytotoxic activity. The plant growth inhibitory activity of pyrenocin A (1) was observed when it was first isolated from Pyrenochaeta terrestris [2] . The compound, the structure of which was confirmed by X-ray analysis [3] , was later isolated from hybrid strains derived from Penicillium citreo-viride [4] . It was shown to be identical to the phytotoxin citreopyrone, a metabolite of Penicillium citreoviride Biourge [5] , and was subsequently synthesized [6] . Related phytotoxic derivatives, such as pyrenocines B (2), C (3), D (4) and E (5) were subsequently isolated from a fungal strain from the alga Sargassum [7] . The alcohol pyrenocine C (3) was produced by onion pink root fungus, Pyrenochaeta terrestris [8] . The biosynthesis of pyrenocine B (2) and related compounds was elucidated by Shizuri et al. [9] .
As part of our on-going search for new fungal metabolites, we recently studied the ethyl acetate extract of an unidentified endophytic fungus, internal strain number 6760, which had been isolated from the plant, Trifolium dubium, from Wustrow, near the Baltic Sea. The crude ethyl acetate extract of the biomalt agar culture medium was found to be § Biologically Active Secondary Metabolites from Fungi, Part 38. Part 37 see ref.
[1] strongly antifungal and algicidal, and moderately antibacterial in the agar diffusion assay [10] . From this extract, four metabolites, 1 and 6-8, were isolated in pure form by a combination of repeated column and preparative TLC chromatography on silica gel. Three compounds, named pyrenocines F (6), G (7) and H (8) (Figure 2) were new natural products.
The new isolated compounds were numbered according to their polarity on TLC, using n-hexane/ 50% ethyl acetate as the eluants. The known metabolite 1 was identified as (E)-5-(but-2-enoyl)-4-methoxy-6-methyl-2H-pyran-2-one (pyrenocine A) by comparison with the published NMR data [4] . However, the coupling constant between the two olefinic protons at C-2' and C-3' (J 2',3' = 11.5 Hz) indicated the (Z)-configuration in metabolite 8. On this basis, compound 8 was characterized as (Z)-5-(but-2-enoyl)-4-methoxy-6-methyl-2H-pyran-2-one. Interestingly, the NMR spectra of 8 in the slightly acidic CDCl 3 indicated that it was gradually converted to the thermodynamically more stable (E)-isomer (1). The relative ratio of 8:1 was 1.6:1 in the 1 H NMR spectrum after 3 hours.
Although both the 1 H NMR and 13 C NMR spectra of 6 and 7 were in close correspondence to those of 1, some differences could be observed, such as the resonances at δ 3.03 in the 1 H NMR and at δ 27.2 in the 13 C NMR spectra of 6, and the resonances at δ 3.02 in the 1 H NMR and at δ 26.8 in the 13 C NMR spectra of 7. These signals, in conjunction with the DEPT 135 spectrum, proved the presence of methylene groups both in 6 and 7. In agreement with this, the resonance at δ 190.5 for the carbonyl carbon at C-1' in the 13 C NMR spectrum of 1, was absent both in 6 and 7. It could be tentatively assumed that the methylene group of both 6 and 7 replaced this carbonyl carbon. The cross peaks in the COSY spectrum also confirmed this, showing the connectivities C1'-C2'-C3'-C4'. Finally, this was confirmed by the mass spectra with [M+H] + at m/z = 195 for both 6 and 7 which, in conjunction with the data of other spectra, suggested the molecular formula C 11 H 14 O 3 for both compounds. The coupling constant between the two olefinic protons at C-2' and C-3' of 6 and 7 could not be determined due to the overlapping of their signals and consequently, the (E)/(Z)-configuration could not be decided based on this criterion. However, although obtained in pure form by chromatography, recording the NMR spectra of 6 in CDCl 3 indicated that it was gradually converted to the more stable 7, as was the case for 8 to 1. The ratio of 6:7 was approximately 1:1 in the 
1 H NMR spectrum after 3 hours. Based on this observation, the (Z)-configuration was assigned to compound 6 and the (E)-configuration to 7.
The isolated compounds 1 and 7 were tested in an agar diffusion assay for their antibacterial, antifungal and algicidal properties and compared with a set of controls (penicillin, nystatin, actidione, and tetracycline; Table 1 ). Metabolites with the (E)-configuration (1 and 7) exhibited considerable activity against the fungus Microbotryum violaceum and the alga Chlorella fusca, both at higher and lower concentrations. They also showed antibacterial activity at the higher concentration, but at the lower concentration they were found to be inactive against the bacterium Bacillus megaterium.
For each substance, 50 µL of a solution in acetone (1 or 5 mg/mL = 0.05 or 0.25 µg) was applied to a filter disc and sprayed with a suspension of the respective test organism. Radii of the zones of inhibition are given in mm.
In summary, three new pyrenocines (6-8) were identified as constituents of the endophytic fungus, strain 6760. Metabolites 1 and 7 were found to be antifungal and algicidal, and slightly antibacterial, as expected from the activity of the crude extract.
Experimental
For general methods and instrumentation see ref. [11] and for conditions of culture and methods for the agar diffusion assay see ref. [1] . The 1 H (500 MHz) and 13 C NMR (125 MHz) spectra were recorded at 293 K on a Bruker Avance-500 spectrometer; the chemical shifts are reported in δ ppm. Identical superscripts in the NMR spectra represent interchangeable assignments. Hydrogen connectivity (C, CH, CH 2 , CH 3 ) information was obtained from DEPT-135 experiments. Proton and carbon peak assignments were based on 2D NMR analysis (COSY, HMQC and HMBC). UV spectra were measured with a Perkin-Elmer Lambda 15 UV-VIS spectrometer.
Pyrenocines from an unidentified endophytic fungus Natural Product Communications Vol. 3 (10) 2008 1691 Plates (20 x 20 cm) from Macherey-Nagel, Germany (1 and 0.5 mm of silica gel) were used for preparative TLC. Column chromatography separations were performed over silica gel. Compounds were detected on TLCs by spraying with cerium-molybdenum spray reagent, followed by heating.
Isolation: Strain 6760 was cultivated at room temperature for 28 days on biomalt agar medium. The culture medium was extracted three times with ethyl acetate to obtain the crude extract (9.0 g). This was subjected to column chromatography for fractionation on silica gel, using gradients of light petroleum/dichloromethane, then dichloromethane. Subsequently, gradients of dichloromethane with up to 20% methanol were used to afford a total of 41 fractions. The column fraction of light petroleum/ 70-100% CH 2 Cl 2 was subjected to preparative TLC on silica gel (n-hexane/20% EtOAc) to obtain 6 (7.0 mg, colorless gum) and 7 (33.6 mg, colorless gum). The CH 2 Cl 2 /0-5% MeOH column fraction was subjected to preparative TLC on silica gel (n-hexane/30% EtOAc) to obtain 8 (3.0 mg, semisolid), and 1, as a white solid mass, which after crystallization from CH 2 Cl 2 /Et 2 O gave 1 (52.5 mg) as a white powder. 6 .31 (qq, J 2',3' = 11.5, J 2',4' = 1.5 Hz, 1H, 2'-H), 6.38 (qq, J 3',2' = 11.5, J 3',4' = 7.2 Hz, 1H, 3'-H). 13 .
